Methods: A survey was conducted within 57 parishes from August to October 2014 in Mukono District, Uganda. Data was captured on the following variables: drug shop characteristics, training of staff in management of pneumonia, availability of guidelines and basic equipment, available antibiotics, knowledge on treatment of pneumonia in children aged <5 years. The main study outcome was the proportion of private health facilities prescribing an antibiotic.
Results: A total of 170 registered drug shops were surveyed between August and October 2014. The majority of drug shops, 93.5% were prescribing antibiotics, especially amoxicillin and trimethoprimsulfamethoxazole (septrin). The professional qualification of a provider was significantly associated with this practice, p=0.04; where lower cadre staff (nursing assistants and enrolled nurses) overprescribed antibiotics. A third, 29.4% of drug shop providers reported that antibiotics were the first-line treatment for children with diarrhoea; yet the standard guideline is to give oral rehydration salts and zinc tablets. Only few providers, 8.2%, had training on antibiotics, with 10.6% on pneumonia case management. Further to this, 7.1% drug shops had WHO-Integrated Management of Childhood Illness guidelines, and a negligible proportion (<1%) had respiratory timers and baby weighing scales. Although the majority of providers, 82.4%, knew severe signs and symptoms of pneumonia, few, 17.6%, knew that amoxicillin was the first-line drug for treatment of pneumonia in children according to the guidelines.
Conclusions:
There is urgent need to regulate drug shop practices of prescribing and selling antibiotics, for the safety of patients seeking care at these outlets.
BACKGROUND
Self-medication with antimicrobial agents is widely reported among patients globally. Some of the factors associated with selfmedication include poor regulation of prescription practices, limited knowledge of drug effects, high costs of seeking care at health facilities, advice from friends, previous experience, waiting time and long distances to the health facilities. [1] [2] [3] [4] [5] Currently, there is a dangerous spread of resistance against antibiotics, and there is an urgent need to combat this spread. The spread is mainly among low-income countries and poor communities with inadequate access to the medicines, who cannot afford the high prices. It has been recommended that countries need to strengthen health systems to control the spread of antimicrobial resistance. 6 Strengths and limitations of this study ▪ This study is based on a large cross-sectional survey of drug shops in Uganda. ▪ It aims at assessing practices of antibiotic prescription at drug shops, with a focus on the use of antibiotics for the treatment of respiratory tract infections, in order to inform future study designs of interventions to improve quality of care in this sector. ▪ This is an important aspect of a public-private partnership to improve the health of people seeking care at such outlets. ▪ However, we were unable to observe prescription practices; and our results are limited to provider reports. Similarly, there is poor record keeping at drug shops; and this limits analysis of prescription of antibiotics to sick patients.
A study in Uganda found that the majority of clients, 57%, visiting two pharmacies in the capital city, practiced self-medication with drugs, including antibiotics. 7 Another study on antibiotic sale at retail chemist shops in Nairobi showed that about 64% of chemists sold antibiotics without prescriptions. Most shops sold underdoses (below the recommend dose); and the practice was more common in periurban areas than in the city centre. The study further showed that antibiotics were prescribed for 31% of the mothers/guardians. Of the antibiotics dispensed, 38% were not prescribed by clinicians. 8 Similarly, a study in Tanzania showed that a high proportion of medicines sold in pharmacies were dispensed without a prescription; and these were requested by the client or recommended by the dispenser. When dispensing medicines, dispensers seldom gave dosage instructions; and when they did, the instructions were often not consistent with guidelines. 9 It has also been shown that a high proportion of clients seeking management of coughs/colds, or for diarrhoea, from private pharmacies, receive antibiotics. The study concluded that interventions that build the capacity of dispensers, improve the rational use of antibiotics and the management of diarrhoea in private pharmacies in Tanzania were necessary to provide quality services to the population that relies heavily on the private sector. 10 In Uganda, it has also been shown that appropriate prescribing for acute respiratory infections (ARI) and malaria was poor in both public and private sectors. Prescribing antibiotics for ARI was nearly universal in both public and private sectors, with some prescriptions containing up to three antibiotics. Newer and more expensive antibiotics were more commonly prescribed in the private sector. 11 A study in India recently showed that prescription errors were most commonly observed at private hospitals, and antibiotics were commonly prescribed in the private sector, and recommended a strict policy for good prescribing practice to promote rational use of drugs.
Currently, there is little known on prescription and sale of antibiotics in drug shops in Uganda where most people with illnesses seek care. The main objective of this study, therefore, was to assess practices of antibiotic prescription with a focus on respiratory tract infections among children, at drug shops, in order to inform future study designs for interventions to improve quality of care in this sector.
METHODS

Study setting
The study was conducted in Mukono, central Uganda. The total population of the district is 565 700, with an annual growth rate of 2.3%, and predominantly consists of the Baganda ethnic group. 12 The majority of the population, 88%, lives in the rural areas. In the central region where Mukono District is located, there is high prevalence of childhood illnesses. For example, a total of 42.4% of children aged <5 years had fever, 9.4% had symptoms of acute respiratory tract infections, and 22.3% had diarrhoea in the 2 weeks prior to the survey, according to the Demographic and Health Survey in Uganda in 2011. 13 
Study design
A survey was conducted within 57 geographical areas ( parishes) in Mukono District, central Uganda. A list of all parishes in Mukono District was obtained from the Uganda Bureau of Statistics. Parishes were selected based on the following criteria: (1) contained a health centre II, the lowest public health facility where early treatment is sought; (2) contained more than 200 households to ensure a sufficient number of patients visiting the facilities and (3) contained at least one registered drug shop, pharmacy or private clinic. All registered drugs shops in the 57 parishes (that met the above criteria); and consented to the study, were included in the survey. In total, 170 drug shops were surveyed from August to October 2014. A few, three, did not consent to the study because the providers were not available.
Data was collected using a structured questionnaire targeting one provider who was found on duty in each selected drug shop. In Uganda, a drug shop is required to meet minimum standards for registration, including ownership and operation of the business, by a qualified health worker, and premises suitable for storage of drugs; they are subject to periodic inspection by the District Assistant Drug Inspector (DADI), with a license renewable annually for a fee. A registered drug shop is licensed to sell non-prescription drugs, including antimalarial drugs but not antibiotics or injectable drugs. 14 The standard guideline for treating diarrhoea in children in Uganda is as follows: A child who has diarrhoea for <14 days, with no blood in stool, and with no other danger sign, should be given oral rehydration salts (ORS) solution, and a zinc supplement, while a child aged 2 months to 5 years with upper respiratory infection must have an antibiotic. A child who has cough and rapid breathing for less than 21 days with no danger signs, should be treated with amoxicillin. 15 Data sources A structured questionnaire targeting drug shops was used to collect data on: provider characteristics, previous training received, type of drugs stocked, knowledge on treatment and prevention of common childhood illnesses (see online supplementary file). Interviewers underwent refresher training on research techniques and study procedures for 5 days, and participated in the pretesting and revision of the questionnaire tools before actual fieldwork. Questionnaires were administered in English language since all the providers had a working knowledge of English. Site supervisors monitored and supervised all aspects of data. The main study outcome was the proportion of drug shop providers prescribing and selling an antibiotic 2 weeks prior to the survey.
Sample size calculation
Sample size calculation was based on the proportion of drug shops prescribing and selling antibiotics, estimated at 40%. In order to estimate the proportion with a ±11% absolute precision, at a power of 80% and 5% level of significance (two-sided), a minimum of 156 drug shops with 10% non-participation were required.
Data analyses
Data was entered and verified using Microsoft Access 2007 (Microsoft Inc, Redmond, Washington, USA) and analysed using STATA V.11.0 (STATA Corporation, College Station, Texas, USA). Univariate analyses were performed to get proportions on key variables; and bivariate analyses were used to assess factors associated with prescribing and selling of antibiotics. Since prescription and selling of antibiotics in all the facilities was >95%, we could not do any multivariable analyses.
Written informed consent was sought prior to the interviews. Data was securely locked and accessible only to the investigators.
RESULTS
Characteristics of drug shops
A total of 170 drug shops participated in the study; the response rate was 98%. The reason for non-response was absence of the provider in the selected drug shop. The majority, 75.6%, were registered by the National Drug Authority (NDA). Few drug shops, 15.9%, had stock cards (these are cards that record the number and type of drugs stored/dispensed); and 53.3% were injecting patients; a practice that they are not authorised to do (table 1) .
Staff characteristics
The staff were predominantly females, 87.7%, and half of them, 52.9%, had attained secondary education, while the other half, 47.1% had tertiary education (table 2) . Few staff, 30.6%, at drug shops, were enrolled nurses/ midwives. The study explored training related to childhood illnesses, and only a few staff, 9.5%, had training on pneumonia management using Integrated Management of Childhood Illness (IMCI) guidelines. Less than one half had training in malaria using IMCI guidelines; 28.2% and 46.6% had been trained on rapid diagnostic tests (RDTs) for malaria (table 2) .
Availability of guidelines, basic equipment and supplies at drug shops Few drug shops, 7.1% had IMCI guidelines, and a negligible proportion had an RDT for malaria diagnosis, while 17.9% had malaria treatment guidelines (table 3) . The majority, 54.1% had disposable syringes and needles, and 52.4% had containers for disposal of waste products (table 3) .
Prescription and selling antibiotics at drug shops
The majority of drug shops sold antibiotics to their clients 2 weeks prior to the survey as follows: amoxicillin, 89.5%, trimethoprim-sulfamethoxazole (septrin), 95.6%, tetracycline, 51.9%, gentamicin, 41.3%, penicillin, 56.9%. Although the majority of staff, 82.4%, knew the signs and symptoms of severe pneumonia, few, 17.6%, knew that amoxicillin was the first-line drug for treating pneumonia among children, according to the guidelines (table 4) . In addition, 30% of drug shops reported that antibiotics were the first-line treatment for children with diarrhoea. The standard guideline for treating uncomplicated diarrhoea in Uganda is to give ORS and zinc tablets.
Factors associated with prescription of antibiotics, in general, were assessed; the lower cadre (nursing aide, nursing assistant and enrolled nurses) were more likely to prescribe and sell antibiotics compared to the higher cadre professionals, p=0.04, (table 4).
DISCUSSION
Our findings show that the majority of drug shops were prescribing and selling antibiotics, especially amoxicillin and trimethoprim-sulfamethoxazole (septrin). Despite this, few of them had training on antibiotics and pneumonia case management, while a negligible proportion had IMCI guidelines, respiratory timers and baby weighing scales. Surprisingly, although most staff knew signs and symptoms of severe pneumonia among children, few knew that amoxicillin was the first-line drug for treatment of pneumonia, according to the guidelines.
Drug shops in Uganda are authorised to sell class-C drugs (over the counter) that do not require prescription. However, they are not authorised to sell antibiotics and injectable drugs. 15 Thus, the present findings highlight the importance of compliance with regulations by drug shops, and this has implications for the safety of patients seeking care at these outlets. The indiscriminate prescription and sale of antibiotics has potential to increase drug pressure and subsequent antimicrobial resistance. An earlier study in Uganda also found that of the patients who sought treatment at private clinics within 1 week of onset of symptoms, only 7% of them were properly managed. [16] [17] [18] [19] [20] [21] [22] Similar findings have been documented in Ghana where a high proportion, 70% of the respondents, practiced self-medication, and the most common antibiotic used was amoxicillin. 23 It is noted that the majority of drug shops (53.3%), were injecting patients probably with gentamicin and penicillin, to treat other bacterial infections like skin infections and urethritis or urinary tract infections.
The following strategies to improve quality of care and safety of patients are proposed; drug shops are not allowed to sell antibiotics according to the law. Yet, almost all drug shops surveyed did sell antibiotics. It would be relevant in future research to investigate where and how the system fails to enforce the law properly.
The current policy in Uganda is to support publicprivate partnerships to promote health, and the findings of this study will contribute to the current initiatives to improve quality of care in the private health sector. Thus, there is need to disseminate results to district authorities, programme managers and policymakers, to initiate discussions on modalities of regulating drug shop practices. There is urgent need to strengthen the NDA and the DADI, to provide inspection and regulation by increasing funding and personnel. Our study results could also be helpful to initiate discussion on how to revise the current policy in order to allow training and supervision of drug shops to allow prescription of antibiotics and improve patient safety.
The limitation of this study is that we relied on provider reports, and we could not ascertain the accuracy of these reports. Similarly, we did not directly observe the practice of antibiotic dispensing and what signs and symptoms patients present with. Similarly, the memory recall of events surrounding the prescription of antibiotics at drug shops within 2 weeks, limits the accuracy of these data. This, however, required an in-depth study that required direct observations and records reviews that was beyond the scope of this study, and we recommend it for further research.
This study focused on prescription practices of antibiotics, and we did not explore the disease conditions for which the antibiotics were prescribed. In addition, due to poor record keeping at drug shops, we could not analyse trends of antibiotic prescription to sick patients who visit drug shops. It is possible, that antibiotics were prescribed for diseases like urinary tract infections, skin conditions, and other upper respiratory conditions. We intend to explore this in a follow-up study. Nonetheless, the survey covered a large number of drug shops, and the results can be generalised to most parts of Uganda.
Following this study, we have designed an intervention, a cluster randomised study (NCT02450630; registered with ClinicalTrials.gov; on 20 May 2015), to assess the effect of strengthening treatment and referral of sick children from the private health sector in Uganda. The key elements of the intervention are to train drug shop providers to use RDTs for malaria, and ICCM algorithms to treat and refer sick children; to hold regular meetings between the private and public sectors; and to improve community awareness on the importance of timely health-seeking and referral of sick children. We hope that the evaluation of this intervention will provide useful data on antibiotic prescriptions, especially to malaria-negative patients presenting at these outlets.
